Introduction:
The association between malnutrition and adverse outcomes following major surgical procedures has been documented for over 50 years [1] [2] [3] [4] . In the orthopedic literature there are multiple studies demonstrating poor outcomes in malnourished patients undergoing elective joint arthroplasty, hip fractures and amputations [5] [6] [7] [8] [9] [10] . The influence of malnutrition on the incidence of superficial or deep infection and wound related problems has also been the focus of many studies [11] [12] [13] . In one study evaluating total knee revisions with wound healing issues, over 88% of wound complications involved malnourished patients [14] . Nevertheless, the overall rate of complications associated with malnutrition in total joint arthroplasty (TJA) has not been identified.
Clinical signs of malnutrition often become apparent only in extreme cases. Laboratory values which indicate nutritional insufficiency may be used as a screening tool for preoperative nutritional status [2, 6, 9, 18] . The determination of the most appropriate tests in specific patients is poorly defined [19] [20] [21] [22] [23] [24] [25] [26] . Serum albumin, total lymphocyte count and serum transferrin are commonly used to define nutritional status. The threshold defining malnutrition and the predictive value of using these markers have been questioned [13, 19, 20, 22] .
We sought to more clearly define the effect of malnutrition on the results of elective TJA by prospectively collecting nutritional markers in a large consecutive cohort of patients undergoing primary and revision joint arthroplasty. The purpose of our study was: (1) to compare the overall rate of complications in malnourished patients and non-malnourished patients, (2) to examine the incidence of malnourishment and complications in obese patients undergoing TJA, (3) to identify predictive values for nutritional markers, and (4) to develop an effective methodology to identify patients at risk for complications due to malnutrition.
Materials and Methods:

Demographic Data
Following institutional review board approval, the prospective collection of nutrition markers began in April 2010 in all patients undergoing elective total joint arthroplasty at our institution. Patients that underwent total hip arthroplasty (THA) for hip fracture or revision TJA for urgent issues such as periprosthetic joint infection or trauma were excluded. Between April 
Perioperative Data
Nutritional markers were obtained at our institution during preadmission testing, 2-4 weeks prior to surgery. Standardized testing included complete blood count, paneled electrolytes, and coagulation studies. In addition to routine preoperative tests, patients were also evaluated for serum transferrin and albumin levels. All testing was performed by the same laboratory with standardized reference values for each test. Patients were categorized as malnourished if either serum albumin levels were less than or equal to 3.5 mg/dl [5, 8] or when serum transferrin levels were b200 mg/dl [23] . The WHO classification for obesity was used to classify the patient's BMI into categories [27] . Demographic data is presented in Table 1 . No cases were canceled or rescheduled due to abnormal nutrition labs.
TJA was performed under regional anesthesia for all patients, unless contraindicated. All TJA surgeries were performed by 1 of 6 high-volume arthroplasty surgeons. All procedures were performed in a laminar flow operating room and all patients were given standard antibiotic prophylaxis administered according to Surgical Care Improvement Project (SCIP) guidelines [28] . All TKA procedures were performed using a medial parapatellar approach with a tourniquet and cement fixation for all components. All THA procedures were performed supine, either utilizing a modified anterolateral gluteus medius-splitting approach or a modified direct anterior approach. Cementless femoral and acetabular components were used in all primary THAs and in most revision THAs.
The institutional database was queried, using hospital and surgeon billing codes, to identify all patients who developed complications and wound healing problems. Complications were defined as in-hospital complications by system based on ICD-9 codes and postoperative complications requiring readmission or reoperation within 12 months of surgery. Specifically, International Classification of Diseases (ICD-9) and Current Procedural Terminology (CPT) codes were used. All cases with identified complications were further investigated through review of hospital charts and clinic medical records.
Statistical Analysis
Analysis was done to evaluate risk factors for developing postoperative complications and wound healing problems. Univariate analysis was performed, using chi-squared analyses to identify the effect of categorical variables on outcome and Student's t test for continuous variables. Demographic variables that produced a P value of b0.05 are summarized in Table 1 .
Complication data is summarized in Table 2 . Multivariate backwards stepwise logistic regression analyses were also performed for each complication to identify independent predictors. All statistical analysis was done using SPSS software (Version 20.0; PASW, Chicago, IL, USA).
Results:
The overall incidence of malnutrition, defined as either low albumin or transferrin values, in our study population was 8.5% (184 of 2,161). Malnourished patients had higher Charlson Index (2.32 vs 1.99; P = 0.001) and had longer length of stay (4.5 vs 2.8 days; P b 0.001).
Additionally, although not statistically significant, a larger proportion of malnourished patients were males (P = 0.052) ( Table 1) . Of the malnourished patients, 22.3%% of had a low albumin and normal transferrin, 72.8% of patients had a normal albumin and low transferrin, and 4.9% of patients had abnormal albumin and transferrin. In patients defined as malnourished, the overall complication rate was 12.0% (22 of 184 cases) compared to 2.9% (58 of 1,977 cases) in patients with a normal albumin and transferrin (P b 0.0001).
Age was not a significant factor in developing malnutrition but the incidence increased steadily through age 70 (Fig.) . The overall incidence of complications was 3.7% (80/2161 patients). The incidence of complications was also significantly higher in malnourished obese patients at 10.4% (8 of 77 cases) compared to 3.2% (30 of 946 cases) in obese patients with normal nutritional values (P b 0.001). Obesity was noted in 42.9% of malnourished patients.
Malnutrition was much more common in the revision setting compared to primary total joint arthroplasty (P b 0.001). Lengths of stay exceeding 3 days were more prevalent in patients with malnutrition as compared to patients with normal nutrition (P b 0.001).
Renal complications were the most common complication experienced by malnourished patients and occurred at significantly higher rates than in non-malnourished patients. The overall rates of postoperative complications were quite low in this cohort but on univariate analyses, malnutrition was significantly associated with an increased risk of all complications (P b 0.001), as well as cardiovascular (P = 0.001), neurovascular (P b 0.001), renal (P b 0.001), the need for irrigation and debridement (P = 0.002), postoperative hematoma/seroma formation (P b 0.001), and acute infection within 3 months of surgery (P b 0.001) ( Table 2 ). There was an increased rate of periprosthetic joint infection (PJI) and development of a hematoma or seroma (P b 0.001) in malnourished patients. On multivariate analysis, accounting for the confounding variables of revision vs. primary procedures, comorbid conditions, surgical factors and demographics, malnutrition was an independent predictor of neurovascular complications, renal complications, postoperative hematoma and seroma formation, and overall complication rate (Table 3) . When patients undergoing primary and revision TJA were analyzed separately, multivariate analysis found malnutrition to be an independent predictor of renal, neurovascular, postoperative hematoma/seroma, and overall complications.
Discussion:
The role of nutrition in wound healing and complications in orthopedic surgery has been identified in previous studies [6] [7] [8] [9] [10] [11] 14, 29] . Despite this association, application of laboratory screening for malnutrition remains poorly defined and cumbersome for surgeons. The diagnosis of malnutrition may not be obvious in certain demographics of patients. Patients at risk for malnutrition classically have been identified based on low body mass index. Over half of the patients enrolled in this study were obese and obese patients represented nearly half of the malnourished cohort. This study provides current and reliable information regarding the risks for malnutrition by age, BMI and the distribution of expected complications. We established threshold values for screening using two readily available serum tests.
Through this cohort of patients we can more readily define the demographics of patients who are at risk for malnutrition in joint arthroplasty. The vast majority of patients under the age of 55 had normal nutritional labs 98.3% (2125/2161). Malnutrition peaked in the 6th and 7 th decades and declined beyond the age of 70. Healthier patients had greater longevity and were less likely to have malnutrition. The distribution of malnutrition did not differ by gender. As expected, there was a greater incidence of malnutrition in patients undergoing revision surgery.
Malnourished patients also had significantly longer hospital stays which is consistent with historical data [6, 8, 13, 18, 30] . The overall rate of infection lower in this study compared to historical reports of malnourished patients [6] [7] [8] 18 ].
In addition to poorer nutrition, patients undergoing revision TJA have generally more comorbid conditions, confounding variables that may also lead to increased postoperative complications. However, in our multivariate logistic regression model, we accounted for revision surgery and comorbid conditions as confounding variables and found malnutrition to be an independent predictor of postoperative complications. Furthermore, in the population of only patients undergoing primary TJA, malnutrition was still an independent predictor of postoperative complications.
Malnutrition should be considered in obese patients who are a growing demographic in developed countries and with a proportional increase in TJA [15, 17, 31, 32] . Obese patients who have a high caloric intake of nutritionally deficient foods may also be malnournished [15] [16] [17] . The complication rate in malnourished obese patients was over 10%, which was three times higher than in obese patients with normal nutrition. Obesity in patients undergoing elective TJA is increasing and our results point to the importance of considering nutritional deficiency in this population [33] . The use of nutritional screening in obese patients may not be entirely intuitive but may be an important parameter to assess in this challenging population.
Initial investigations by Jensen et al., performed on patients undergoing elective and traumatic orthopedic procedures, demonstrated a rate of malnutrition of 29% in patients undergoing hip arthroplasty and up to 52% in trauma patients [6] . They employed a battery of 7 tests including albumin, TLC, transferrin, triceps skin fold, skin antigen testing and arm circumference measurements. Complications and wound issues were correlated with malnutrition in this study. The complexity and logistics of employing each of these tests in large groups of patients have resulted in a narrowed laboratory battery to screen for malnutrition. In 1991 Greene et al. published on the role of albumin and total lymphocyte count in predicting wound drainage and deep infection [8] . Of the 217 patients' examined, 27% met the criteria for malnourishment and the study noted a predictive value of 100% of major complication when both tests were abnormal (2 or 217 patients). This article stressed the importance of the total lymphocyte count in predicting malnutrition and complications. Other contemporary literature disputes the utility of the TLC when stratified into varying categories there was no correlation with anthropomorphic testing or other serum markers for malnutrition [6, 20, 22] .
There is direct support for the use of serum albumin and transferrin in screening for malnutrition and this combination was adopted for this study [4, 13] . A threshold value of 3.5 mg/dl was used for serum albumin and 200 mg/dl for serum transferrin [5, 13, 23, 34] . Although the threshold value for serum albumin has remained constant in most studies, the threshold values for transferrin differ ranging from 200 to 226 mg/dL [23, 35] .
There is no orthopaedic literature that strongly supports using either transferrin, albumin, or both to define malnutrition. However, multiple studies by Greene et al, Mullen et al, and
Gherini et al. have shown that both low albumin and transferrin levels are independently associated with increased rates of some postoperative complications [4, 8, 13] . Furthermore, defining malnutrition as either low albumin or low transferrin allowed an increased sensitivity to identify malnourished patients, possibly at the expensive of some specificity.
A simplified approach to the nutritional evaluation of candidates for elective arthroplasty can now be applied, with two serum tests, in patients greater than age 55. If either are abnormal, then delay of elective surgery should be considered until the patient has undergone nutritional optimization.
Conclusion:
Malnutrition continues to be prevalent in patients undergoing total joint arthroplasty and leads to a significant increase in postoperative complications. In particular patients with obesity and malnutrition are also at increased risk of complications. Serum albumin and transferrin are useful pre-operative screening labs and are recommended for patients over the age of 55. The influence of correction of nutritional parameters on outcome following TJA will be determined in a subsequent study.
